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Micropuncture studies of the filtration and absorption of albumin
by nephrotic rats, The proximal tubular fluid albumin concentra-
tion of rats with immunologically induced nephrotic syndrome
rose from 0.60 + 0.1 l(sEM) mg/lOO ml to 7.42 + 0.87 mg/l00 ml.
The glomerular filtration rate (GFR) was slightly depressed (P <
0.001) and fractional water absorption unchanged (P > 0.45).
Urinary albumin excretion rose from 0.18 0.03(sEM) mg/ 100 g of
body wt/24hrto 78.5 + 39.5 mg/lOU g/lo0gof body wt/24 hr(P
< 0.001). The concentration of albumin in glomerular filtrate,
calculated as the product of proximal tubular albumin concentra-
tion and fractional water absorption (4.53 + 0.60 mg {sEM]/lOO
ml), equalled that calculated from urine albumin concentration and
whole kidney water absorption (4.14 + 0.87 mg/100 ml, P > 0.30).
The data are interpreted to reflect a significant increase in filtered
albumin and only a modest (if any) tubular albumin absorption in
this study. Thus, the concept that tubular absorption plays a major
role in the catabolism of albumin and the genesis of hypoalbumi-
nemia in the nephrotic syndrome could not be confirmed.
Etude par microponction de Ia filtration et de l'absorption de
l'albumine chez les rats néphrotiques. La concentration de
l'albumine dans le liquide du tube proximal chez des rats atteints
de syndrome nephrotique induit immunologiquement augmente de
0,60 + 0,11 mg (sEM)/lOO ml a 7,42 + 0,87 mg/100 ml. Le GFRest
modérément dimiué (P < 0,001) et Ia reabsorption fractionnelle de
l'eau est inchangée (P > 0,45). L'excrétion urinaire d'albumine
augmente de 0,18 + 0,03 (sEM) mg/l00 g BW/24hr is 78,5 39,5
mg/100 g BW/24hr (P < 0,001). La concentration d'albumine
dans Ic filtrat glomérulaire, calculée par Ic produit de Ia concentra-
tion tubulaire d'albumine par a reabsorption fractionnelle de l'eau
(4,53 0,60 mg SEM/l00 ml, est egale is celle qui est calculée par Ic
produit de Ia concentration urinaire d'albumine et de Ia réabsorp-
don d'eau par le rein entier (4,14 + 0,87 mg/I00 ml, P>0,30). Ces
résultats sont interprétés comme Ic reflet d'une augmentation sig-
nificative de Ia filtration de l'albumine et d'une faible absorption
tubulaire d'albuine, si dIe existe. Par consequent, Ic concept
scIon lequel l'absorptiori tubulaire joue un role majeur dans Ic
catabolisme de l'albumine et dans Ia genèse de l'hypoalbuminemie
du syndrome nephrotique n'a pas Pu ètre conuIrmé.
Concepts of the kidney's role in albumin metabol-
ism are now in the process of change. The glomerular
filtrate of normal rats was formerly believed to con-
tain up to 20 mg/100 ml of albumin [1—3], a concen-
tration which, but for tubular absorption, would
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cause proteinuria equivalent to that seen in the most
severe instances of the nephrotic syndrome. With the
application of renal micropuncture techniques and
newer analytic methods, proximal tubular albumin
concentrations have been found to be far lower than
estimated before [4—11], yet still high enough to pro-
duce significant proteinuria unless the albumin fil-
tered was almost quantitatively absorbed. If, as is
presently thought [12—14], the albumin absorbed by
renal tubules is catabolized in situ, subjects with the
nephrotic syndrome would not only suffer marked
urinary losses of albumin but also lose large amounts
of this vital protein as a result of tubular absorption
and degradation. Recently, however, Oken and col-
leagues [6, 7] and Lewy and Pesce [9] found that the
amount of albumin excreted by rats with aminonu-
cleoside nephrosis was little, if any, different from
that calculated to have been filtered. A major com-
ponent of tubular albumin catabolism was not evi-
dent. Aminonucleoside is, however, a potent tubular
toxin which may have directly inhibited tubular albu-
min absorption. The present study was undertaken,
therefore, to examine tubular albumin absorption in
a model more akin to the human nephrotic syn-
drome.
Methods
Female Sprague-Dawley rats (COBBS®, Charles
River Breeding Laboratories, North Wilmington,
MA), weighing 160-180 g at the time of nephrotoxic
serum injection, were kept in individual metabolic
cages with rat chow (Purina®) and freely available tap
water. The blood urea nitrogen (BUN) concentration
of each rat was checked on 0.2 ml of tail blood
samples before injection. Only animals whose BUN
concentration was less than 20 mg/l00 ml and whose
freshly voided urine gave a negative or trace positive
test for albumin by the Albustix® (Ames Co., El-
khart, IN) method were used for study.
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Purified rat glomerular basement membrane was
prepared according to the technique of Spiro [15].
Antiserum to this preparation was made in rabbits
by sonicating 3 to 4 mg of purified rat giomerular
basement membrane (GBM) in one ml of 140 mM
saline, diluting to 5 ml with saline, and then homog-
enizing with 5 ml of complete Freund's adjuvant.
We injected 3.3 ml of this emulsion (one-half intra-
dermally and the remainder subcutaneously) into each
of three rabbits three times at intervals of two to
three weeks. Beginning seven to ten days after the
last immunizing injection, the rabbits were bled
twice weekly for three weeks. Serum obtained (GBM
antiserum) was separated by centrifugation and im-
mediately frozen. After determining that an aliquot
of each batch of serum produced significant and last-
ing proteinuria in test rats, the samples were pooled,
divided into 1-mi volumes, and again frozen.
Seventeen to 21 days prior to micropuncture study,
one ml of freshly thawed antiserum was injected i.v.
into each rat via a tail vein. All animals promptly
developed proteinuria but did not become signifi-
cantly azotemic. A group of ten animals, exempted
from micropuncture study, continued to have pro-
teinuria six months after injection, at which time their
albumin excretion was 160 times higher than that of
the control group. Proteinuria of rats injected with
one ml of serum from nonimmunized rabbits lasted
only two to three days and averaged three to five
times normal at its peak. Approximately three weeks
after injection with antiserum, the animals were
anesthetized with sodium pentobarbital (35 mg/kg of
body wt) injected i.p., placed on a thermostatically
controlled heated table, and prepared for renal micro-
puncture studies. Their bladders were catheterized
with 2-cm lengths of PE 50 thin walled tubing inserted
into a length of PE 100 tubing which led to pre-
weighed, l-ml plastic beakers. Each urine sample
was tested for occult blood by the Hemastix® (Ames
Co., Elkhart, IN) method to detect albumin con-
tamination from cystic or urethral bleeding. Evidence
of bleeding disqualified the rat from further study.
Hemastix tapes can reliably detect less than 5 nl of rat
blood in one ml of saline [6], a negative reaction
therefore excluding significant contamination of the
urine with blood.
Prior to micropuncture, the animals received a
priming dose of 40tCi of 14C-labelled inulin (New
England Nuclear Corp., Cambridge, MA) in one ml
of 140 mi saline. Inulin was infused thereafter at a
rate of 0.85 zCi/min in 0,0375 ml isotonic saline.
Micropuncture studies were begun and urine was
collected for analysis of '4C-inulin and albumin con-
centrations 30 mm after the inulin infusion was
started. The left kidney was exposed through a flank
incision, dissected free of retroperitoneal fat, and
placed in a lucite holder with care not to disturb the
major vessels and ureter. The kidney was covered
with mineral oil heated to 37.6° C, and micropuncture
was performed as previously described [6]. Very
sharp 8p O.D. pipettes were used so as to minimize
the tubular injury when inserted. Samples were dis-
carded without measurement if there was significant
distortion of the tubule during the puncture pro-
cedure or if the tip of the pipette lodged against the
luminal wall of the tubule. Since prior studies had
shown that prolonged collections may produce con-
tamination of the sample with extraneous albumin
[6], collection times were kept to a maximum of five
mm duration. Occasional samples which were too
small to allow measurement of both 14C-inuiin and
albumin within this time were discarded. A small
amount of oil was drawn into the tip of the pipette at
the completion of sample collection. The exterior of
the pipette was then washed by gentle swirling in
distilled water in an attempt to remove any interstitial
fluid which might be on its surface. The puncture site
was localized by intratubular injection of colored
latex and subsequent microdissection. Arterial blood
pressure was measured manometrically in each ani-
mal during the micropuncture experiment by way of
PE 50 tubing placed in a femoral artery. Micro-
puncture experiments were terminated if an animal's
blood pressure was below 90 mm Hg.
A portion of each tubular fluid sample was in-
troduced under microscopic visualization into a l4O.t
ID. constant bore capillary (Drummond Microcap®,
0.5p i-volume) containing the disc electrophoresis gel,
its volume being derived from the length of the fluid
column. The remainder was introduced into a second
constant bore capillary for volume measurement and
then transferred quantitatively to a 10-mi volume of
liquid scintillation fluid containing toluene, 700 ml;
ethanol, 300 ml; butyl PBD (New England Nuclear
Corp., Cambridge, MA), 10 g; and Cab-O-Sil®
(Beckman Instruments, Tutlerton, CA) 10 g/liter.
One-tenth-mi blood samples were taken from the tail
vein immediately before and after collection of tubu-
lar fluid for inulin measurement. The 14C activity of
the tubular fluid samples and two-ui volumes of
plasma and urine were measured in a liquid scintilla-
tion counter (Nuclear Chicago, Chicago, IL).
Albumin concentrations in tubular fluid, plasma,
and urine were measured using an ultramicrodisc gel
electrophoresis technique previously described [16].
Plasma and urine samples were diluted with a volume
of 140 m saline calculated to give a final albumin
concentration between one and three mg/l00 ml.
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After electrophoresis, the gels were extruded into a
solution of Coomassie blue in seven percent acetic
acid and allowed to stain for one hour. They were
then destained in seven percent acid for one hour,
placed on one-mm thick, optically plane "CO
quartz" slides, and the optical density of the stained
protein bands was read on an ultramicrodensitometer
(Canal Industrial Corp., Rockville, MD). This
method is capable of measuring as little as 3 X 10'1g
of albumin in volumes as low as ten nI [161.
Overnight urine samples were collected under oil
for a measured period of 16 to 24 hr. Autoanalyzer
methods were used for the measurement of BUN and
serum creatinine concentrations.
Statistical analyses were performed according to
Snedecor [17]. Except where stated, values given rep-
resent the mean and standard error of the mean
(sEM).
Results
The mean BUN and serum creatinine concentra-
tions of ten normal, unanesthesized rats were 19 + 2
mg/l00 ml and 0.47 + 0.05 mg/l00 ml, respectively.
The mean urine albumin concentration was 3.8 0.8
mg/l00 ml and the 24-hr urine albumin excretion was
0.18 + 0.03 mg/24 hr/100 g of body wt (Table 1).
Eighteen to 21 days after GBM antiserum injec-
tion, the mean serum creatinine concentration had
risen slightly (Table 1), indicating a probable 27%
decline in glomerular filtration rate (P < 0.01). The
animals did not become azotemic, however, manifest-
ing only a slight and statistically insignificant increase
in BUN (P > 0.40). As shown in Table 1, their urine
albumin concentration and 24-hr excretion rate in-
creased 84 and 435 fold, respectively (P < 0.001), an
increase which is particularly noteworthy in view of
the fall in serum albumin concentration from 2.8 +
0.1 to 1.7 + 0.2 g/lOO ml (P < 0.001). The mean
albumin concentration of urine collected during
micropuncture experiments was 569.45 201.71
mg/l00 ml (Table 2), a statistically significant in-
crease over that in urine collected prior to experimen-
tation (320.8 + 87.8 mg/100 ml, P < 0.01). A similar,
though more marked, increase in albumin excretion
has been found in normal rats as the result of anes-
thesia and the surgical preparation for micropuncture
[6].
The results of renal micropuncture studies per-
formed on 13 rats treated with GBM antiserum 17 to
21 days earlier are shown in Table 2. Mean arterial
blood pressure in these animals ranged from 110 to
130 mm Hg, averaging 116 + 2 (sEM) mm Hg. The
single nephron glomerular filtration rate averaged
8.92 + 0.50 nl/min/i00 g of body wt, a rate 38%
lower than the value of 14.70 + 0.40 nl/min/l00 g of
body wt found in normal rats (P <0.001). The mean
proximal tubular fluid: plasma inulin concentration
ratio of the proteinuric animals was 1.91 0.11, a
value indistinguishable from that obtained in normal
rats, (P > 0.45). A normal relationship between
TF/P1 and tubular length was obtained (Fig. 1A).
The mean albumin concentration of 50 proximal
tubular fluid samples was 7.42 + 0.87 mg/l00 ml, a
value significantly higher than that of 0.60 + 11
mg/l00 ml obtained in 31 samples from six control
rats of the same size and sex (P < 0.001). The values
from nephrons of the same kidney as well as from
kidneys of different rats varied greatly (Table 2). The
proximal tubular fluid albumin concentration did not
relate to the site of collection (P > 0.5, Fig. 1). No
correlation between proximal tubular fluid albumin
concentration and fractional water absorption could
be demonstrated (P > 0.5, Fig. 2). An inverse rela-
tionship was obtained between serum albumin con-
centration and the mean proximal tubular fluid albu-
min concentration of individual rats (r = 0.56, P <
0.05, Fig. 3).
Assuming no tubular absorption or addition of
albumin (see following), the concentration of albu-
min in glomerular filtrate, calculated as the product
of tubular albumin concentration and the percentage
of filtered water remaining in the tubule, was 4.53 +
Table 1. Albumin excretion in unanesthesized rats injected with anti-GBM antisera
Urine albumin
BUN
Serum
creatinine Concentration
Excretion
mg/24hr/iOOg Plasma albumin
mg/lOOm! mg/lOOm! mg/lOOmI of body WI g/lOOml
Control 19 + 2.0 0.47 0.05 3.8 0.8 0.18 + 0.03 2.8 0.1
(N= 10) (N= 10) (N =9) (N=9) (N =9)
Anti-GBM antisera': 21.6
(N =
1.5
12)
0.64 + 0.05C
(N = 10)
320.8 + 78.3'
(N = 12)
78.5 + 39•5C 1.7 + 0.2c
(N = 10)
Values represent mean SEM.
Animal injected with one ml anti-sera. Urine and plasma samples collected from unanesthesized animals 21 days following injection.
Statistically different from control at P < 0.05 or lower.
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Table 2. Micropuncture data from rats injected with anti-GBM antiserum
Prox.
Animal tubule
No. %
TFb
mg/100 ml
24.5
4.2
9.8
15.9
9.1
1.8
2 27 9.3
52 6.8
54 8.1
60 4.0
47 4.2
3 19 0.83
4 46 16.3
23 6.1
3.5
6.7
5 47 1.4
47 2.0
19 3.2
5.0
6 60 4.0
14 7.9
55 22.9
24 6.9
46 4.7
7 60 10.9
60 12.7
8 40 9.3
60 4.6
14 7.9
9 20 8.7
23 16.4
16 24.4
43 12.5
— 11.2
50 1.9
10 20 2.6
13 1.5
10 3.1
II 53 1.7
25 1.5
50 4,2
40 4.7
12 28 1.5
25 4.2
20 5.3
60 7.4
40 2.4
13 22 5.3
44 11.0
7.42
0.87
50
TF/PI
mg/loom!
124.71 113
UalhU/P g/lOO nil
0.91
202.45 127
56.85
182.42
43
228
126.46 263
266.46 2022 7.59
118.10
SNGFR
nl/min/
lOOg of body wi
TFh
TF/P,,
2.87
3.11
1.03
1.78
2.45
133
6.81
10.09
6.71
6.67
9.35
4.44
8.54
1.35
9.51
8.93
3.71
1.35
2.04
2.05
1.49
2.37
1.74
10.56
9.99
6.28
17.71
8.94
4.56
3.32
5.43
1.69
2.41
1.25 12.32 0.66 0.76
3.2
1.21
1.10
1.65
12.50
6.8!
6.48
10.67
5.09
5.04
3.18
4.06
1.23
2.48
2.44
1.63
1.63
14.31
11.98
12.17
11.18
0.56
0.82
1.96
3.07
3.08
1.21
2.14
2.27
2.14
8.79
9.87
10.93
17.37
16.37
1.30
6.53
10.70
3.04
2.20
3.79
2.77
12.82
12.48
2.88
4.58
1.85
2.46
1.00
5.78
13.96
9.3!
503
1.87
7.90
1.21
1.00
1.20
1.88
1.25
2.02
12.18
5.86
8.74
7.01
6.83
9.84
7.19
16.4
24.5
6.65
8.96
5.89
1.12
1.00
1.14
7.43
5.10
5.4!
114.70 75 2.32
1.50
2.72
3.87
1.39
3.60
2.09
9.76
5.05
8.01
5.42
192.18 139 0.44
1.08
1.17
2.25
1.45
1.02
1.19
2.43
1.86
4.99
5.75
6.44
5.30
6.11
185.63 85 1.03
4.12
4.45
3.05
1.29
1.17
1.86
4.01
3.59
224.10 601 4.53
5.91
1.91
0.1!
50
8.92
0.50
50
152.63
17.42
13
569.46
201.71
13
4.53
0.60
50
4.14
0.87
13
2337
136.13 831
54.01 539
0.62 1.87
1.8!
0.93
2.30 1.20
19.79 1.56
6.10 1.62
9.98 0.58
0.65 1.97
0.72 2.24
0.46 2.43
2.68 1.93
1.65
017
II
Mean
SEM
N
Control
values
Mean 0.60 1.87 14.70 227 6.! 0.31 0.024 2.8
SEM 0.10 0.06 0.40 I! 0.5 0.09 0.010 0.1
N 19 19 19 5 5 19 5 9
P < 0.0! P < 0.45 P < .001 P < 0.05 P < 0.05 P < 0.001 P < 0.0! P < 0.00!
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Proximal tubular length, %
Fig. I. A. Proximal tubular fluid TF/P mu/in ratios as afunction of
collection site. The regresson coefficient was 0.78 (P < 0.01). The
regression line was calculated by the method of least squares (y =
0.03 x
—0.81). B. Proximal tubular fluid albumin concentration as
a Junction of collection site. The regression coefficient was 0.09.
0.60 mg/tOO ml. That calculated from urine albumin
concentration and the percentage of filtered water
appearing in the urine was 4.14 0.87 mg/tOO ml, a
value which is not significantly different (P > 0.30).
Discussion
Proteins filtered and absorbed by normal proximal
tubular cells are incorporated within endocytotic vac-
uoles and degraded into their constituent peptides
and amino acids [12, 18—20]. While it has been re-
ported that lysozyme may partly escape such diges-
tion after absorption [211, there has been no evidence
of transtubular transport of any other protein. Albu-
min taken up by proximal tubules is considered to
have been lost from the body pool and must be
replaced [22—25]. Accordingly, if increased filtration
of this protein in the nephrotic syndrome is accom-
panied by an equivalent enhancement of absorption,
the amount lost in urine must greatly underestimate
the effect of the glomerular lesion on overall albumin
economy.
Various types of studies have been interpreted to
imply marked tubular absorption of albumin by both
normal and nephrotic subjects. Rapid and nearly to-
tal absorption of low molecular weight proteins and
peptides by the normal proximal tubule has been
convincingly documented [23, 26—28]. It is by no
means sure, however, that this absorption is unselec-
tive and that higher molecular weight proteins such
as albumin are equally absorbable. Hemoglobin, with
a molecular weight equivalent to that of albumin
when in its tetrameric form, is rapidly absorbed by
normal proximal tubular cells [23], but it has now
been shown that most hemoglobin probably crosses
the glomerular filtration barrier as the dimer with
a molecular weight of only 32,000 daltons [29].
Immunohistologic studies have clearly demonstrated
"droplets" of albumin in the tubular cytoplasm of
nephrotic rats [30, 31], an indication that tubular
albumin absorption does indeed occur, but this tech-
nique cannot be used to quantify the amount taken
up and thus derive the rate of absorption. It is
noteworthy, however, that intracytoplasmic albumin
is rarely detectable by this method in normal rats
[30]. The disparity between the clearances of albumin
and polyvinyl pyrrolidone or dextran of equivalent
molecular radius also has been taken as an indication
of tubular albumin absorption [32]. By analogy, with
the effect of molecular charge on the filtration of
ferritin [33] and dextran [32, 34], however, this differ-
ence may largely reflect the restriction of filtration
exerted by albumin's anionic state, and need not re-
flect major differences in absorbability.
Proximal tubular albumin absorption has been ex-
amined directly in three microinjection studies.
Bourdeau, Carone and Ganote [35], perfusing iso-
lated rabbit proximal convoluted tubules with a 21
mg/lOO ml solution of iodinated albumin, reported
an absorption rate of 3 X l09g/mm of length per 90-
mm perfusion. The rate of uptake in the straight
2 3 4
Proximal tubular TF/P inulin ratio
Fig. 2. Proximal tubu/arfluid albumin concentrations as afunction of
TF/P mu/in ratio. The regression coefficient was 0.06.
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portion of the proximal tubule was one-third of that
measured in the convoluted segment. It may be calcu-
lated, however, that even the former more avidly
absorbing epithelium took up far less than one per-
cent of the albumin presented per millimeter of tubu-
lar length per minute. Scott and co-workers [36]
found absorption of only 1.5% of albumin perfused
into single proximal tubules of normal rats. Cortney,
Swain and Weiss [26], on the other hand, perfusing
single nephrons of the intact rat kidney with 20, 40
and 100 mg/100 ml solutions of radioiodinated albu-
min, suggested that the normal proximal tubule ab-
sorbs a constant 20% of filtered albumin. In view of
the findings of Bourdeau, Carone and Ganote [35]
and Scott et al [36], that result must await further
confirmation.
Katz, Sellers, and Bonorris [13], finding no effect
of bilateral nephrectomy on the albumin catabolic
rate of normal rats, suggested that filtration and
tubular absorption of albumin must be minor in de-
gree. They reported, however, that nephrectomy de-
creased the absolute catabolic rate of nephrotic rats
from 2 mg/lOO g of body wt per hr (one-half the
normal rate) to 1 mg/100 g of body wt, and con-
cluded that the difference related to albumin break-
down within the kidney before the rats were neph-
rectomized. Prior to nephrectomy, these rats were
excreting approximately 7.5 mg of albumin per 100 g
of body wt per hr. If the lower catabolic rate truly did
relate to the destruction of filtered, rather than inter-
stitial albumin or to an alteration in extrarenal ca-
tabolism (and that is unproven), their study would
demonstrate the absorption of less than 12% of the
total amount of albumin filtered.
The same investigators [37] also measured the frac-
tional and absolute rates of albumin catabolism in
rats with aminonucleoside nephrosis excreting be-
tween 3.8mg and 13mg of albumin/lOOg ofbodywt
per hr. On average, these rats catabolized 46% less
albumin than controls of the same size and sex. A low
or normal fractional catabolic rate was found in 27 of
their 36 experiments; only those rats that excreted
more than 10 mg/lOU g of body wt per hr were
catabolizing albumin at a supernormal rate.
Recent renal micropuncture studies of the albumin
concentration in normal rat proximal tubular fluid
have revealed values ranging from 0.6 to 3.3 mg/l00
ml [4—Il], most being approximately I mg/l00 ml [6,
7, 10, II]. Taking the lowest value of 0.6 mg/100 ml
as the assumed albumin concentration in Bowman's
space, the normal female rat with a GFR of 2 mI/mm
would filter 17.3 mg of albumin a day while excreting
less than 0.4 mg in the same time. The 17 mg ab-
sorbed, if then digested by the tubules, would thus
amount to 10 to 17% of the total quantity of albumin
catabolized by the rat each day [37]. Higher concen-
trations of albumin in the filtrate of normal rats
would presuppose an even greater contribution of the
kidney to its overall catabolism. If even the lower
amount of albumin is indeed absorbed and digested
by the tubules, it is quite remarkable that bilateral
nephrectomy has been found to have no significant
effect on the albumin catabolic rate of normal rats
[13].
Studying rats with aminonucleoside nephrosis,
Oken and colleagues [6, 7] and Lewy and Pesce [9]
found the concentration of albumin in proximal
tubular fluid to be moderately but significantly higher
than normal. The amount of albumin excreted in the
urine was essentially the same as that calculated to
have been filtered [7, 9]. Thus, while marked protein-
uria is said to greatly underestimate the amount of
albumin lost from the body pool, significant albumin
absorption could not be documented by direct study.
Aminonucleoside of puromycin is a protoplasmic
poison, however, markedly altering the tubules' ar-
chitecture [38] and possibly inhibiting albumin ab-
sorption. Even though the experiments just cited [6,
7, 9] were performed before pronounced histologic
changes were evident, it would be unwise to assume
that tubular absorption has little influence on albu-
min economy in the nephrotic syndrome of other
etiologies without further proof.
The present study has examined the renal handling
of albumin in a well characterized model of the neph-
rotic syndrome which does not cause major tubular
cytoplasmic abnormalities. To minimize the possi-
bility of modifying tubular albumin transport with
contaminating antitubular antibody, glomerulopathy
was induced with antiserum to a highly purified gb-
merular basement membrane preparation such as has
been used previously for the assay of that structure's
chemical composition [15]. The rats so injected al-
most universally developed marked but variable al-
buminuria, hypoalbuminemia, and a modest eleva-
tion of serum creatinine concentration. On histologic
examination, their gbomeruli showed focal epithelial
and mesangial cell proliferation with a slight increase
in mesangial matrix, such as described by other in-
vestigators [3 9—40]. Apart from small areas of necro-
sis in some glomeruli, the changes in glomerular his-
tology were remarkably uniform. The tubules were
entirely normal except for minor degrees of cy-
toplasmic vacuolization.
Despite the uniformity of the glomerular histologic
changes, proximal tubular albumin concentrations
varied greatly within a given kidney and from rat to
rat (Table 2). Both the mean albumin concentration
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in tubular fluid and the urinary excretion of albumin
increased significantly. The GFR of individual neph-
rons was reduced by 40%, but fractional water ab-
sorption was identical to that of control rats. Since
individual proximal tubular albumin concentrations
did not correlate with the TF/P inulin values, their
wide variation cannot be attributed to differences in
water absorption. This heterogeneity of concentra-
tions must relate, therefore, to differences in either
glomerular albumin permeability or the avidity of
tubular albumin absorption. Eleven of the 50 samples
analyzed were obtained from the first 20% of prox-
imal tubular length. Corrected for water absorption,
the mean and the range of their albumin concentra-
tions were not different from those of a comparable
number of specimens obtained from the most distal
collection sites, (Fig. 2). It thus appears most likely
that the spectrum of values observed is a reflection of
differences in glomerular albumin permeability.
The concentration of albumin in the filtrate of rats
in this study, calculated from the albumin concentra-
tion in tubular fluid and fractional water absorption,
is indistinguishable from that derived from the urine
albumin concentration and whole kidney water ab-
sorption (P > 0.7). Such identity could hold only if
unrecognizable amounts of the filtered albumin were
absorbed in transit through the nephron or if the
albumin absorbed had been restored to the urine at
some point beyond the proximal tubular collection
sites. While prostatic proteins may [41] or may not
[42] be present in the urine of male rats, there is no
reason to suggest an extrarenal addition of significant
amounts of albumin to the urine of females. Accord-
ingly, the present data seem best interpreted to in-
dicate almost quantitative excretion of filtered albu-
min. Certain reservations are in order, however.
First, only superficial nephrons are available for
micropuncture and it is conceivable that deeper neph-
rons might filter more albumin than their more acces-
sible counterparts. If so, the amount filtered by the
whole kidney would be underestimated and an ele-
ment of absorption would go unrecognized. Since all
glomeruli in a given kidney are exposed to the same
concentration of basement membrane antibody,
however, there is no reason to believe that such strati-
fication of protein filtration exists. Secondly, with a
limited number of tubules studied in each rat, one
may question whether those sampled were truly rep-
resentative. Great care was taken not to select any
particular nephron group, but, with the uniform ap-
pearance of the surface nephrons under the dissecting
microscope, bias of that sort was not likely to be
introduced, regardless of choice. Although single
nephron GFR (SNGFR) values showed significant
variations, flow was almost always fast enough to
permit collection of an adequate volume for assay
within the time limit imposed by the protocol. What
is more, no correlation between SNGFR and tubular
fluid albumin concentration could be demonstrated.
Thus, with fifty tubular fluid specimens analyzed, it is
reasonable to believe that sampling was indeed ran-
dom and fairly representative of the aggregate of
superficial nephrons.
The mean proximal tubular albumin concentration
of the severely proteinuric animals in this study, 7.4
mg/lOU ml, was only 12 times higher than that of
controls; the amount of albumin excreted, however,
was more than 400 fold higher than normal. The
gross disparity between these two values might be
explained a priori by the virtually complete absorp-
tion of filtered albumin by the normal rat. Evidence
for such avid absorption is lacking, however. Regard-
less of the mean albumin concentration found, all
micropuncture studies reported to date have found
individual proximal tubular albumin concentration
values of normal animals to be independent of the
collection site. Hence, the very reasonable assump-
tion has been made that albumin is absorbed by the
tubules in direct proportion to fluid absorption [5,10,
11]. On the basis of that assumption, some two-thirds
of the filtered albumin would be absorbed over the
length of the proximal tubule. Put differently, one-
third of the amount filtered would escape proximal
absorption. To account for the daily excretion of only
0.36 mg of albumin as in this study, one would then
have to suggest that the distal nephron can absorb
about 30% of all the albumin filtered. Yet protein
absorption of all types is believed to be an exclusive
feature of the proximal tubule [18, 19]. Indeed, even
the pars recta of that nephron segment is reported to
absorb albumin only one-third as avidly as the pars
convoluta [35]. Thus, it is hard to envision nearly
total albumin absorption in the normal rat nephron
as the most likely cause of the small difference in
proximal tubular albumin concentration in control
and the grossly proteinuric rats. One might suggest,
therefore, that the proximal tubular albumin concen-
tration found was either falsely low in these nephrotic
rats or artifactually high in the normal animals. The
microdisc electrophoresis method used here is ca-
pable of accurately measuring as much as l0 g of
albumin when appropriate bracketing standards are
used [161. Furthermore, using a radioimmunoassay
technique, Lewy and Pesce [9] obtained essentially
the same proximal tubular fluid albumin concentra-
tions as we had found in rats with aminonucleoside
nephrosis [6, 7] with the electrophoretic method em-
ployed here. It seems unlikely, therefore, that the
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tubular fluid albumin concentration of the nephrotic
rats in the present study was falsely low. For reasons
summarized elsewhere [6], on the other hand, it
seems entirely possible that the process of tubular
fluid collection falsely elevates the mean concentra-
tion of some samples either by slight, covert con-
tamination with extratubular albumin or an induced
rise in the albumin concentration of the filtrate. Such
an event would be of minor importance in the neph-
rotic rats whose tubular fluid concentrations are high,
but could well distort the values in control animals.
The concentration of albumin in a significant propor-
tion of our normal proximal tubular samples is 0.1
mg/lOO ml or less, the mean value being significantly
raised by a small percentage of samples containing 3
to 4 mg/lOU ml of albumin or more. If normal gb-
merular filtrate did indeed contain only 0.1 mg/100
ml of albumin, the apparent discrepancy between the
modest rise in proximal tubular fluid concentration
and the large amount of albumin excreted in this and
three other micropuncture studies of nephrotic rats
performed to date [6, 7, 9] would largely disappear.
The remaining difference would reflect the degree of
tubular albumin absorption.
The data presented here suggest that the degree of
albuminuria in the nephrotic syndrome serves as a
reasonably accurate measure of glomerular albumin
permeability, and that urinary albumin excretion far
outweighs the tubules' role in total albumin loss from
the body pool.
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